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Superoxide Dismutase as a Vaccine Antigen 

The present invention relates to pharmaceutical compositions for treating and/or 
vaccinating against bacterial infection and to methods of manufacturing such 
compositions. In particular, the invention relates to pharmaceutical compositions 
which comprise Cu,Zn-superoxide dismutase (Cu,Zn-SOD) or antibodies thereto. 

At present most bacterial infections in humans or animals are treated after infection 
has set in by administration of antibiotic drugs. As many more strains of pathogenic 
bacteria become resistant to current antibiotics, the range of options open for 
treatment decreases. Moreover, many antibiotics can cause dangerous side effects 
upon individuals or animals taking them, for example allergy to penicillin or the 
toxicity of sulpha drugs. Furthermore, antibiotic treatment is sometimes only 
effective if the drug is taken regularly over a period of time thus maintaining a 
constant level of therapeutic agent in circulation. If individuals forget or are unable 
to maintain the course of antibiotic treatment then it may be rendered ineffective. 

Some bacterial infections progress very quickly, sometimes too quickly for 
antibiotic treatment to have much effect unless administered at a very early stage 
in the course of the infection. Meningococcal disease is one example of such a 
virulent infection and is caused by the pathogen Neisseria meningitidis. In many 
cases symptoms of disease at first resemble those of influenza and thus infected 
individuals often delay in seeking medical attention. Vaccines based on 
polysaccharides present on the surface of some N. meningitidis serogroups are 
available at present but they show limited protection against infection. Moreover, 
the surface polysaccharide of serogroup B strains of N. meningitidis (causative 
agent of over half the cases of meningococcal disease in the UK) are only weakly 
immunogenic and are not included in current vaccines. 

Accordingly, it is an object of the invention to provide a pharmaceutical 
composition comprising a vaccine antigen or an antibody that effectively protects 
against or ameliorates bacterial infection. It is a further object of the invention to 
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peptides that included peptide 3 elicited no protective immunity to Brucella 
infection. Thus the study by Tabatabai et al teaches against the use of either 
fragments of Cu,Zn-SOD or full length Cu,Zn-SOD as an effective antigen that 
could provide protective immunity to bacterial infection. 

Cu,Zn-SODs from eukaryotes and most Gram negative bacteria form dimers in their 
native form. However, the Cu,Zn-SODs of £.co//and B. abortus are atypical in that 
they are normally monomeric (Peace et al, 1 997). In all Gram negative bacteria that 
produce Cu,Zn-SOD the protein is localised to the periplasmic space between the 
outer cell wall and the cell membrane. 

The present invention relates to the surprising discovery that a monoclonal antibody 
raised against a recombinant Cu,Zn-SOD fusion protein from A. pleuropneumonlae 
has bactericidal activity against N. meningit/dis and protects mice against challenge 
with N. meningitidis. Furthermore, a recombinant, dimeric Cu,Zn-SOD and 
immunogenic fragments from A. pleuropneumonlae (a pig pathogen) act as antigen 
that can confer protective immunity not only against this organism but also against 
other Gram negative human pathogens such as N. meningitidis. H. ducreyi, H. 
parainfluenzae and P. multocida. Thus the Cu,Zn-SOD is suitable as a vaccine 
component against both animal and human bacterial diseases such as 
meningococcal disease (caused by N. meningitidis) or chancroid (caused by H. 
ducreyi), or porcine pleuropneumonia (caused by A. pleuropneumonlae). 

Accordingly, a first aspect of the present invention provides a composition 
comprising a Cu,Zn-SOD of the dimeric type, or a fragment, variant or derivative 
thereof, and a pharmaceutically acceptable carrier. The first aspect of the invention 
also provides a composition comprising a nucleic acid encoding a Cu,Zn-SOD of the 
dimeric type, or a fragment, variant or derivative thereof, and a pharmaceutically 
. acceptable carrier. By "dimeric" we mean a SOD that naturally forms dimers under 
normal conditions. A pharmaceutically acceptable carrier could comprise an 
approved adjuvant such as alum or any other adjuvant approved for pharmaceutical 
purposes. The Cu,Zn-SOD can be from any bacteria, though especially from known 
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pathogenic bacteria, and from N. meningitidis as an example. 

The present invention is not to be restricted to the use of full length or wild type 
Cu,Zn-SOD of the dimeric type. An antigenic fragment of the Cu,Zn-SOD may also 
be used in a vaccine formulation. The fragment preferably comprises a region of the 
Cu,Zn-SOD that is on the surface of the protein, although any fragment that 
confers protective immunity to bacterial infection is suitable; and the term 
"fragment" is intended to encompass any fragment against which an antibody may 
be raised which antibody binds intact, full length SOD. Moreover, mutant variants 
which have been modified to increase antigenicity or fusion protein derivatives 
between all or a part of a Cu,Zn-SOD and another protein for the purposes of 
purification or increasing antigenicity may also be suitable for use in pharmaceutical 
compositions. Vaccine components of the invention also include derivatives and 
variants of Cu,Zn-SOD. The term "derivative" is intended to encompass 
combinations of Cu,Zn-SOD with other proteins or molecules, including 
carbohydrates to form conjugate vaccines, the derivative retaining antigenicity such 
that an antibody raised against the derivative binds intact, full length SOD. The 
term "variant" is intended to encompass a polypeptide having an amino acid 
sequence that varies from that of intact, full length SOD, but such that antibodies 
raised against the variant bind intact, full length SOD. 

In a preferred embodiment of the invention the pharmaceutical composition 
provides protection against meningococcal infection and/or disease. In further 
preferred embodiments of the invention the pharmaceutical composition provides 
protective immunity to infection from Actinobacillus pleuropneumoniae, 
Pasteurellaceae species, Neisseria species, IHaemopliilus species and other bacteria 
producing a Cu,Zn-SOD. In a specific embodiment of the invention the Cu,Zn-SOD 
is expressed from a recombinant gene cloned from Actinobacillus 
pleuropneumoniae. 

It is an advantage of the present invention that a Cu,Zn-SOD of the dimeric type, 
or a fragment, variant or derivative thereof, can confer protective immunity to 
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infection from a broad range of bacterial pathogens. It is of further advantage that 
the present invention provides for pharmaceutical compositions comprising Cu,Zn- 
SODs, or a fragment, variant or derivative thereof, that are protective against 
bacterial infection in both humans and animals and in particular to meningococcal 
disease. It is of still further advantage that an antibody to a Cu,Zn-SOD from one 
species of bacteria can provide protective immunity to infection from a plurality of 
other species of bacteria, in particular that the invention provides protective 
immunity to meningococcal disease. A further advantage of the present invention 
is that Cu,Zn-SOD is relatively abundant and can be easily purified from bacterial 
cultures. Moreover, recombinant Cu,Zn-SODs can be fused to other proteins, such 
as glutathione-S-transferases, to facilitate purification from bacterial cultures 
expressing the fusion protein, and the Cu,Zn-SOD moiety retains both antigenicity 
and biological activity. 

In use of the invention, a Cu,Zn-SOD is cloned from the pig pathogen 
Actinobacillus pleuropneumoniae, to give a recombinant form of the gene. The 
recombinant Cu,Zn-SOD gene is optionally linked to, such as by fusing, a 
glutathione-S-transferase gene to enable easy purification of the fusion protein 
when expressed in bacteria. A pharmaceutical preparation is prepared comprising 
the purified Cu,Zn-SOD protein and a pharmaceutically acceptable carrier; in one 
use the carrier includes the adjuvant alum. The pharmaceutical composition is 
suitably administered to the individual via any route. The nature or form of the 
composition may be selected from any conventional pharmaceutical composition 
including but not limited to tablets, capsules, oral compositions, liquids, 
compositions for infusion, syrups, solutions, powdered formulations and granular 
formulations. The pharmaceutical composition, in use, stimulates the individual to 
produce antibodies against the antigenic Cu,Zn-SOD protein, some of which 
provide protective immunity to a broad range of pathogens. In particular the 
pharmaceutical composition provides protective immunity to meningococcal 
disease. 

A second aspect of the invention provides a vaccine comprising a Cu,Zn-SOD, or 
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a nucleic acid encoding a Cu,Zn-SOD, of the dimeric type, or a fragment, variant 
or derivative thereof. 

In a specific embodiment of the invention the Cu,Zn-SOD of the dimeric type, or 
a fragment, variant or derivative thereof, is from a recombinant gene cloned from 
Actinobacillus pleuropneumoniae, though the invention also encompasses use of 
native proteins. In a further preferred embodiment the vaccine provides protective 
immunity against meningococcal meningitis. 

Compositions and vaccines of the invention comprising a nucleic acid which 
encodes a Cu,Zn-SOD or fragment or derivative thereof are suitably prepared 
comprising the coding sequence inside a microparticle according to the methods 
of WO-A-97/17063, incorporated herein by reference. 

A third aspect of the invention provides a method of preparing a pharmaceutical 
composition that consists of:- 

1) cloning a gene for a Cu,Zn-SOD of the dimeric type to obtain a 
recombinant form of the gene; and 

2) (a) synthesising Cu,Zn-SOD from the recombinant gene; and 

combining said Cu,Zn-SOD with a pharmaceutically acceptable 
carrier, or 

(b) combining said gene with a pharmaceutically acceptable carrier. 

A fourth aspect of the invention provides for a pharmaceutical preparation 
comprising an antibody to a Cu,Zn-SOD of the dimeric type, or a fragment, 
derivative or variant thereof, and a pharmaceutically acceptable carrier. It is 
optional, but not essential, that the antibody is a monoclonal antibody. 

The present invention thus also provides for an antibody preparation that is raised 
against a dimeric Cu,Zn-SOD, or a fragment, derivative or variant thereof, from one 
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species of Gram negative bacteria and that confers protective immunity to infection 
from this bacterium and also to infection from a plurality of other Gram negative 
bacteria. The antibody can be used in pharmaceutical preparations that confer 
passive immunity to bacterial infection upon a host organism. In the example 
described in more detail below a monoclonal antibody raised against Cu,Zn-SOD 
from A, pleuropneumoniae provides protection against N. meningitidis infection. 
Thus the monoclonal antibody is suitable for use in treating acute cases of 
meningococcal disease as well as in providing passive immunity to future 
meningococcal disease. 

In a specific embodiment of the invention the antibody provides protective 
immunity to meningococcal disease. Thus it is suitable for use in preparations that 
provide passive immunity to infection and also for treatment of individuals already 
suffering from meningococcal infection. 

In further specific embodiments of the invention the antibody provides protective 
immunity to bacterial infection from a range of bacterial pathogens including 
Actinobacillus pleuropneumoniae, Pasteurellaceae species. Neisseria species and 
IHaemopliiius species. 

In a further preferred embodiment of the invention the antibody displays 
bactericidal activity. This activity may be directly attributed to the antibody itself 
or mediated via the complement system. 

A fifth aspect of the invention provides for a multivalent vaccine comprising a 
plurality of Cu,Zn-SODs of the dimeric type, or fragments, derivatives or variants 
thereof, wherein said plurality of Cu,Zn-SODs are from the same or different 
species of Gram negative bacteria. A specific embodiment of the invention provides 
a multivalent vaccine comprising a plurality of Cu,Zn-SODs of the dimeric type, or 
fragments, derivatives or variants thereof, and one or a number of different 
bacterial proteins, or a fragment, derivative or variant thereof, that is not or are not 
a Cu,Zn-SOD. A further preferred embodiment of the invention is a multivalent 
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and 24h after the challenge. The N, meningitidis challenge dose was the stated 
nunnber of viable bacteria (see tables of results), given as an 0.5ml ip injection, 
containing 2mg iron dextran. At 24h mice were given a further 2mg iron dextran 
in an 0.2ml ip dose. Mice were then observed for 72h and the health of the 
animals noted. The results of these experiments are shown in the following tables. 
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EXPERIMENT 1 


VACCINE 


CHALLENGE 
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* - raised against meningococcal outer membrane vesicles. 
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VACCINE 
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medium 
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EXPERIMENT 2 
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EXPERIMENT 3 


VACCINE 
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0/5 



Bactericidal Activity 

In addition to passive protective activity, the Cu,Zn-SOD MAb has been found to 
be bactericidal to two strains of meningococcus, with titres of 64-128 compared 
to a titre of 256 for a Group B polysaccharide specific MAb. 
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1 . A pharmaceutical composition comprising (i) a Cu,Zn-superoxide dismutase 
(Cu,Zn-SOD) of the dimeric type, or a fragment, variant or derivative thereof, 
or (ii) a nucleic acid coding therefor, and a pharmaceutically acceptable 
carrier, 

2. A pharmaceutical composition according to Claims 1, wherein said 
composition provides protection against meningococcal infection. 

3. A pharmaceutical composition according to Claim 1 or 2, wherein said 
composition provides protective immunity to Actinobacillus 
pleuropneumoniae infection. 

4. A pharmaceutical composition according to Claims 1 or 2, wherein said 
composition provides protective immunity to Pasteurellaceae infection. 

5. A pharmaceutical composition according to Claim 1 or 2, wherein said 
composition provides protective immunity to Neisseria infection. 

6. A pharmaceutical composition according to Claims 1 or 2, wherein said 
composition provides protective immunity to IHaemoptiilus infection. 

7. A pharmaceutical composition according to any previous claim, wherein the 
Cu,Zn-SOD is obtainable from a recombinant gene cloned from bacteria. 

8. A vaccine comprising (i) a Cu,Zn-superoxide dismutase (Cu,Zn-SOD) of the 
dimeric type, or a fragment, variant or derivative thereof, or (ii) a nucleic acid 
coding therefor. 



9. 



A vaccine according to Claim 7, wherein the Cu,Zn-SOD is obtainable from 
a recombinant gene cloned from bacteria. 
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• 10. A vaccine according to Claims 7 or 8, wherein said vaccine provides 
protection against meningococcal infection. 

11. A method of preparing a pharmaceutical composition comprising:- 

1) cloning a gene for a Cu,Zn-SOD of the dimeric type to obtain a 
recombinant form of the gene; and 

synthesising Cu,Zn-SOD from the recombinant gene; and 
combining said Cu,Zn-SOD with a pharmaceutically acceptable 
carrier, or 

combining said gene with a pharmaceutically acceptable carrier. 

1 2. A pharmaceutical preparation comprising an antibody to a Cu,Zn-SOD of the 
dimeric type, or a fragment, derivative or variant thereof, and a 
pharmaceutically acceptable carrier. 

A pharmaceutical preparation according to Claim 12, wherein said antibody 
provides protective immunity to meningococcal disease. 

A pharmaceutical composition according to Claims 1 2 and 1 3, wherein said 
composition provides protective immunity to Actinobacillus 
pleuropneumoniae infection. 

15. A pharmaceutical composition according to Claim 12 or 13, wherein said 
composition provides protective immunity to Pasteurellaceae infection, 

16. A pharmaceutical composition according to Claim 12 or 13, wherein said 
composition provides protective immunity to Neisseria infection. 



2) 



(a) 



(b) 




17. 



A pharmaceutical composition according to Claims 12 or 13, wherein said 




composition provides protective immunity to Haemophilus infection. 

1 8. A pharmaceutical composition according to any of Claims 1 2 to 17, wherein 
said antibody displays bactericidal activity. 

19. A multivalent vaccine comprising a plurality of Cu,Zn-SODs of the dimeric 
type, or fragments, derivatives or variants thereof, wherein said plurality of 
Cu,Zn-SODS are from the same or different species of Gram negative 
bacteria. 

20. A multivalent vaccine comprising a Cu,Zn-SOD of the dimeric type, or 
fragments, derivatives or variants thereof, and a second protein, or a 
fragment, derivative or variant thereof, that is not a Cu,Zn-SOD. 

21. A multivalent vaccine according to Claims 1 6 or 1 7, wherein said vaccine 
provides protective immunity to meningococcal disease. 

22. Use of a Cu,Zn-superoxide dismutase of the dimeric type, or a fragment, 
derivative or variant thereof, in the manufacture of a vaccine against 
bacterial infection. 

23. Use according to Claim 22, wherein the bacterial infection is due to Gram 
negative species of bacteria. 

24. Use according to Claim 22 or 23 wherein the bacterial infection is due to 
meningococcal infection. 

25. An antibody specific to bacterial Cu,Zn-SOD of the dimeric type, or a 
fragment, derivative or variant thereof. 

26. A monoclonal antibody according to Claim 25. 
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Use of a nucleic acid encoding a Cu,Zn-superoxide disnnutase of the dimeric 
type, or a fragment, derivative or variant thereof, in the manufacture of a 
vaccine against bacterial infection. 
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